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(57) Abstract 

[Purpose] To be able to detect current flowing in wiring by arranging a Hall 
element or a magnetic resistor element, etc. in close proximity to wiring, and to 
resolve the problem of high precision detection made difficult because the output 
of the electromagnetic conversion element is controlled by the relative position 
between the electromagnetic conversion element and the wiring. 

[Constitution] Placing an electromagnetic element and an electric path conductor 
in close proximity to each other, and sealing in resin as a single unit heightens 
the precision of the relative positions. If the wiring, through which the current to 



1 



Daly Crowley 
ALLEG-039PUS 
Crimson Job No. 7997 

be detected flows, is connected to the terminal ends of the electric path 
conductor of this kind of part, it is possible to detect current with high precision. 
Moreover, it is possible to set the current level to be detected by special 
measurements prior to sealing, or, to adjust the values set for the current to be 
detected by chip trimming. Further, by arranging the electromagnetic conversion 
element in a magnetic path surrounding the electric path conductor, it is possible 
to heighten the precision of converting from current into magnetic field. 

[Insert diagram] 

1 Hall element 

2. 

3. Terminal conductor 

4. Lead wire 

5. Electric path conductor 
51 . Terminal 



Claims 
Claim 1 

An electromagnetic conversion device wherein an electromagnetic conversion 
element and a electric path conductor are arranged in close proximity to each 
other, and these are sealed with resin in a single unit leaving the terminals for 
connecting to the electromagnetic conversion element and the terminals provided 
on both ends of the electric path conductor exposed. 

Claim 2 

An electromagnetic conversion device described in Claim 1 wherein the 
electromagnetic conversion element is arranged in the magnetic path comprising 
a material with high magnetic permeability surrounding the electric path 
conductor. 

Claim 3 

An electromagnetic conversion device described in Claim 1 or 2 wherein the 
terminals of the electric path conductor are used to connect to wiring through 
which the current to be detected flows. 

Detailed Description of the Invention 

[0001] 

[Field of Industrial Utilization] The present invention relates to an 
electromagnetic conversion device in which an electromagnetic conversion 
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element such as a Hall element or a magnetic resistor element is arranged in 
close proximity to electric wiring or to a conductor pattern to detect current 
flowing in these. 

[0002] 

[Prior Art] Electromagnetic conversion elements such as Hall elements or 
magnetic resistor elements are used in non-contact point switches to detect 
movement of magnetic bodies, and in non-contact type position-, velocity-, and 
rotation-sensors. Electromagnetic conversion elements that use these switches 
or sensors are sealed in resin by exposing the terminals necessary for the 
operation of the element in conjunction with an amplifier circuit, Schmidt circuit, 
or stabilized power source temperature compensation circuit. On the other hand, 
electromagnetic conversion elements can be used to detect current by converting 
the strength of the magnetic field produced by the current into electric signals. In 
the past, as indicated in Fig. 3 for example, to control the current flowing to 
transistor 21 connected to load 22, the voltage decrease at resistor 23 connected 
in series with transistor 21 is detected by detection circuit 24, and control is 
conducted by input from drive circuit 25. In this situation, power loss is produced 
at resistor 23, and it is also necessary to allow space for heat release. Further, if 
using a battery of several V for the power source, sometimes the current 
necessary for load 22 cannot be obtained because of the voltage decrease by 
resistor 23. In contrast, when using an electromagnetic conversion element, as 
indicated in Fig. 4, electromagnetic conversion element 27 is placed in close 
proximity to wiring 26, and that output may be input into the drive circuit of 
transistor 21 , and therefore it is possible to design the unit by considering only 
the voltage drop at transistor 21 . 

[0003] 

One example of a current detection by this kind of electromagnetic conversion 
element is indicated in Fig. 5, and a Hall element 1 is affixed in close proximity to 
a wiring conductor 12 on a printed board 1 1 using a solder 13. Hall activation 
power is produced which is proportional to the product of the current flowing in 
the Hall element 1 and the density of a magnetic power line 14 produced by 
current flowing through the conductor 12. 

[0004] 

[Problems to be resolved by the invention] 

In the example indicated in Fig. 5, there is the relationship B = [i 0 1 2%r\ = 2x1 0 7 
(l/r) [T]. r, in this case, is the distance between the [Hall] element 1 and the 
[wiring] conductor 12, and B is inversely proportional to r. Moreover, r varies 
depending on the precision of the wiring pattern on the printed board 1 1 and the 
positional error of affixing the Hall element 1 using the solder 13. It is also difficult 
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to detect a high I with precision because the orientation of the Hall element 1 to 
the surface of the printed board 1 1 also has an effect on the Hall activation 
power. Further, after affixing the Hall element 1 , it is necessary to make 
adjustments by function trimming, etc. to set the current value to be detected. 

[0005] 

The purpose of the present invention is to offer an electromagnetic conversion 
device in which the current value to be detected is easy to set, and the positional 
precision of attaching the electromagnetic conversion element poses none of the 
aforementioned problems. 

[0006] 

[Means to resolve the problems] 

In order to achieve the aforementioned purpose, the electromagnetic conversion 
device of the present invention arranges an electromagnetic conversion element 
and an electric path conductor in close proximity, and seals them in a single unit 
with a resin leaving the terminals connected to the electromagnetic element and 
the terminals provided on both ends of the electric path conductor exposed. 
Then, it is also efficient to arrange the electromagnetic conversion element in a 
magnetic path comprising a material with a high magnetic permeability that 
surrounds the electric path conductor. This electromagnetic conversion device is 
then used by connecting the terminals of the electric path conductor to the wiring 
through which flows the current to be detected. 

[0007] 

[Action] 

Because the electromagnetic conversion element and the electric path conductor 
are in close proximity and are sealed as a single unit with resin, the relationship 
between the current that flows through the electric path conductor and the output 
of the electromagnetic conversion element is fixed. It is possible to detect the 
value of the current flowing through the wiring connected to the exposed 
terminals of the conductor from the likewise exposed terminals of the 
electromagnetic conversion element with high precision, and there is no problem 
with the precision of the installation position. 

[0008] 

[Embodiment] 

An electromagnetic conversion element of one embodiment of the present 
invention is indicated in Fig. 1. A die bonder is used to affix the Hall element 1 
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onto a support board 2 comprising a non-magnetic material such as Cu, and the 
electrodes of the element and the terminal conductors 3 are connected by lead 
wires 4. The electric path conductor 5, made of flat type copper wire, is arranged 
in close proximity to the support board 2 of the Hall element 1 , and these are 
sealed as a single unit using an infusible resin 6 such as an epoxy resin. Both 
ends of the electric path 5 conductor are left uncovered by the resin 6, and form 
terminals 51 . When these terminals 51 are connected to the wiring, through 
which the current to be detected flows, the current flowing in the wiring can be 
detected by the output of the Hall element obtained from a terminal conductor 3. 
A lead frame can be used for the support board 2 and terminal conductor 2, and 
it is possible to place the Hall element 1 and the electric path conductor 5 in 
extremely close proximity and to set the relative position with high precision as 
determined by the dimensional precision of the lead frame and the positional 
precision of the die bonder. For this reason, a margin is produced for the 
sensitivity of the element. Moreover, prior to sealing with resin, the level of 
current to be detected can be classified by measuring the characteristics after the 
mutual positions of the Hall element 1 and the electric path conductor 5 are 
determined, or, also possible, by trimming within the chip prior to sealing with 
resin, so that the current to be detected can be easily set. Specifically, if a Hall IC 
with an integrated auxiliary circuit is used instead of a Hall element 1, it is 
possible to conduct trimming within the chip by laser trimming of a diffusion 
resistor or by burning off, etc. a diode or Zener diode within the circuit, and 
therefore an electromagnetic conversion device with a specific performance 
adjustable within a large range can be obtained. 

[0009] 

Fig. 2 indicates the electromagnetic conversion device of another embodiment of 
the present invention, and the same codes are used for the parts in common with 
Fig. 1. In this case, the Hall element 1 is affixed in close proximity with the 
electric path conductor 5 on a magnetic substrate 7 made of ferrite or metal. 
Further, a core 8 made of a material with high magnetic permeability such as 
ferrite, which surrounds the electric path conductor 5 and one end of which is 
directly above the Hall element 1 , is fixed to the magnetic substrate 7. According 
to this structure, there is no leakage of magnetic lines produced by current 
flowing through the electric path [conductor] 5, and highly precision conversion 
from I to B can be realized. A Hall element was used in the above embodiment, 
but the effect can also be realized when using a magnetic resistor element. 

[0010] 

[Effects of the invention] 

According to the present invention, it is possible to detect current flowing through 
wiring connected to the electric path conductor with high precision because the 
precision in the mutual positional relationship can be heightened by placing an 
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electromagnetic conversion element for detecting current and a electric path 
conductor that comprises a route of the current, and by forming them into a part 
sealed into a single unit with resin. This has extremely practical benefits because 
the current to be detected can be set at a [specified] level for an individual part. 
Further, it is possible to realize conversion from I to B by arranging the magnetic 
conversion element in a magnetic path comprised of a material with a high 
magnetic permeability surrounding the electromagnetic conversion element. 

[Brief explanation of the diagrams] 

Fig. 1 is an oblique view diagram of an electromagnetic conversion device of one 
embodiment of the present invention. 

Fig. 2 is a cross-sectional diagram of an electromagnetic conversion device of 
another embodiment of the present invention. 

Fig. 3 is a current detection circuit diagram that does not use an electromagnetic 
conversion element. 

Fig. 4 is a current detection circuit diagram that uses an electromagnetic 
conversion element. 

Fig. 5 is a cross-sectional diagram of a conventional current detection device 
based on a Hall element. 

[Legend] 
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3 Terminal conductor 
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5 Electric path conductor 
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7 Magnetic substrate 
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Figure 1 

1 Hall element 

3 Terminal conductor 

4 Lead wire 

5 Electric path conductor 

6 Resin 
51 Terminal 



6 



Daly Crowley 
ALLEG-039PUS 
Crimson Job No. 7997 

Figure 2 

7 Magnetic substrate 

8 Core 

Figure 3 
Figure 4 
Figure 5 
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